Supporting Information

Total Synthesis and Biological Evaluation of Clavatadines C-E
Kylee Maxfield, Morgan Payne, and Stephen Chamberland*
Department of Chemistry, Utah Valley University, 800 West University Parkway, Orem, UT 84058
fUndergraduate research participant (contributed equally to this work).

*Tel: (801) 863-6017, Fax: (801) 863-1050, E-mail: schamberland@uvu.edu



Supporting Information: Maxfield, Payne, and Chamberland

Table of Contents
Table S1. Comparison of the spectroscopic data of natural and synthetic clavatadine C (3).........cocooeiiiiiiiiiiiiiiiiiii, S-4
Table S2. Comparison of the spectroscopic data of natural and synthetic clavatadine D (4)..........cccooeiiiiiiiiiiiiiiiiiiina, S-5
Table S3. Comparison of the spectroscopic data of natural and synthetic clavatadine E (5)..........cooooiiiiiiiiiiiii S-6
Table S4. NCI-60 one-dose assay for synthetic clavatading C (3).......oouiiiiiiiiiiii e enee e 2 0= ]
Table S5. NCI-60 one-dose assay for synthetic clavatading D (4)..........oouiiiiiiiiiiii e D=8
Table S6. NCI-60 one-dose assay for synthetic clavatading E (5).........oooiiiiiiiiiiii et
Figure S1. 'TH NMR (400 MHz, CD;0D) spectrum of the known compound 26..................oiiiiiiiiiiiiiiieiece e, S-10
Figure S2. 13C DEPTQ-135 NMR (100 MHz, CD;0D) spectrum of the known compound 26......................ccoiviniiininiinn, S-11
Figure S3. 13C DEPTQ-135 NMR (100 MHz, acetone-ds) spectrum of the known compound 29 S-12
Figure S4. 3C NMR (100 MHz, DMSO-dg) spectrum of the known compound 23.. S-13
Figure S5. 'TH NMR (400 MHz, DMSO-dj) spectrum of the new compound 31.. .. S-14
Figure S6. 3C DEPTQ-135 NMR (100 MHz, DMSO-d) spectrum of the new compound 31 S-15
Figure S7. 'TH-'HCOSY NMR (400 MHz, DMSO-d;) spectrum of the new compound 31.. . S-16
Figure S8. 'H-'3C Multiplicity Edited HSQC NMR (400 MHz, DMSO-dj) spectrum of the new compound 31 S-17
Figure S9. 'H-3C HMBC NMR (400 MHz, DMSO-d;) spectrum of the new compound 31.. . S-18
Figure S10. '"H NMR (400 MHz, DMSO-ds) spectrum of dilute, unpurified, synthetic clavatadlne E (5) ................................... S-19
Figure S11. 'TH NMR (400 MHz, DMSO-ds) spectrum of concentrated, unpurified, synthetic clavatadine E (5)...........................5-20
Figure S12. 3C DEPTQ-135 NMR (100 MHz, DMSO-dg) spectrum of unpurified, synthetic clavatadine E (5).... S-21
Figure S13. 'H-'HCOSY NMR (400 MHz, DMSO-dy) spectrum of unpurified, synthetic clavatadine E (5).... . ...S-22
Figure S14. 'H-13C Multiplicity Edited HSQC NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetlc clavatadme E (5) ..... S-23
Figure S15. 'TH-3C HMBC NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine E (5)...............................S-24
Figure S16. 3C DEPTQ-135 NMR (100 MHz, CD;0D) spectrum of the known compound 33................ooviiviinecineceeeeennn S-25
Figure S17. 3C DEPTQ-135 NMR (100 MHz, CDCls) spectrum of the known compound 35................cocevevivieieiciccicienenn.....S-26
Figure S18. 'TH NMR (400 MHz, DMSO-d;) spectrum of the known compound 21.. : S-27
Figure S19. 3C DEPTQ-135 NMR (100 MHz, DMSO-dg) spectrum of the known compound 21 S-28
Figure S20. 'H NMR (400 MHz, CDCls) spectrum of the known compound 36.. . S-29
Figure S21. 3C DEPTQ-135 NMR (100 MHz, CDCls) spectrum of the known compound 36 S-30
Figure S22. 'TH NMR (400 MHz, DMSO-ds) spectrum of dilute, unpurified, synthetic clavatadme C (3) .................................. S-31
Figure S23. 'TH NMR (400 MHz, DMSO-d¢) spectrum of concentrated, unpurified, synthetic clavatadine C (3)..............ccoeene. S-32

S-2



Supporting Information: Maxfield, Payne, and Chamberland

Figure S24. 13C DEPTQ-135 NMR (100 MHz, DMSO-d¢) spectrum of unpurified, synthetic clavatadine C (3).......cccccoevveverirnenenne. S-33
Figure S25. 'H-'H COSY NMR (400 MHz, DMSO-ds) spectrum of unpurified, synthetic clavatadine C (3)........cecevvererivuererernennns S-34
Figure S26. 'H-13C Multiplicity Edited HSQC NMR (400 MHz, DMSO-ds) spectrum of unpurified, synthetic clavatadine C (3).....S-35
Figure S27. 'H-*C HMBC NMR (400 MHz, DMSO-ds) spectrum of unpurified, synthetic clavatadine C (3).........cccecverevreeerennnee. S-36
Figure S28. 'TH NMR (400 MHz, CDCls) spectrum of the new compound 37...........ccccevveieuiriiieiireieeieiecteeeeeereeeseete e eveesenene e o S-37
Figure S29. 3C DEPTQ-135 NMR (100 MHz, CDCl3) spectrum of the new compound 37.................coviveveeeeceieeeeceeeeenenns .. 5-38
Figure S30. 'H-'H COSY NMR (400 MHz, CDCl;) spectrum of the new compound 37..........c.ccoovevveiiiereieeiieeeiereeeeeeeereeeae e S-39
Figure S31. 'H-13C Multiplicity Edited HSQC NMR (400 MHz, CDCl;) spectrum of the new compound 37..........cccecvvereerrerennnnen. S-40
Figure S32. 'H-3C HMBC NMR (400 MHz, CDCl;) spectrum of the new compound 37............coeveuievieveeerisreeeieieeeeeeeeseeeeevenenes S-41
Figure S33. 'TH NMR (400 MHz, DMSO-ds) spectrum of dilute, unpurified, synthetic clavatading D (4)..........ccoeevevveveeeiereereeneennenens S-42
Figure S34. 'TH NMR (400 MHz, DMSO-dg) spectrum of concentrated, unpurified, synthetic clavatadine D (4).......c..coccevvevrrireennne. S-43
Figure S35. 3C DEPTQ-135 NMR (100 MHz, DMSO-d¢) spectrum of unpurified, synthetic clavatadine D (4).........cccvevvevevvenrnnnnns S-44
Figure S36. 'H-'HCOSY NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine D (4)...........ccoeeveveverenennn. S-45
Figure S37. 'H-13C Multiplicity Edited HSQC NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine D (4)....S-46
Figure S38. 'H-13C HMBC NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine D (4)............cccovevveverennnnn. S-47
Experimental details for NMR experiments on N,N’-DiBoc Clavatadine C (36) using treated and untreated CDCls...........c.ccu........ S-48
Figures S39-S70. NMR spectra of compound 36 at various concentrations using treated and untreated CDCls........cccooeeiinnienennnee S-49
RETEIENICES CLEA. ...ttt ettt b et e bt e e a bt e bt e ea bt e ab e e eh bt e a bt e eab e e a bt e ehteea bt e sh b e eabeeshbeenbeesbeeeabeenbeeenbeenaee S-81

S-3



Supporting Information: Maxfield, Payne, and Chamberland

Table S1. Comparison of the Spectroscopic Data of Natural! vs. Synthetic Clavatadine C (3). The Numbering Scheme is Shown Below.

Position Natural 32
DMSO-dj
13C NMR
125 MHz

sc

1 171.6, qC

2,6 121.6, qC

3,5 146.6, CH

4 85.2, qC

7 43.1, CH,

8 155.0, qC

9 158.2, qC

10 (N)

11 38.3, CH,

12 25.9, CH,?

13 26.0, CH,?

14 40.4, CH,

15 (N)

16 156.6, qC

17”a (NHy)

17"b (NHy)

Clavatadine C (3)

Synthetic 3¢
DMSO-dg
13C NMR
100 MHz
dc
171.6,qC
121.6,qC
146.7, CH
85.2,qC
43.2, CH,
155.0, qC
158.2,qC

38.3, CH,
25.9, CH,
26.0, CH,
40.4, CH,

156.7, qC

Natural 3¢
DMSO-d
TH NMR
600 MHz
Oy, (Jin Hz)

7.80 (s, 2H)

3.55 (s, 2H)

8.63 (t, 1H)
3.18 (dt, 6.0, 6.0, 2H)
1.49 (m, 2H)
1.48 (m, 2H)
3.11 (dt, 6.0, 6.0, 2H)
7.45 (m, 1H)

not listed
not listed

Synthetic 3¢
DMSO-dj
TH NMR
400 MHz

8y, (Jin Hz)

7.80 (s, 2H)

3.55 (s, 2H)

8.66 (app. t, 5.6, 1H)
3.18 (dt, 6.0, 5.6, 2H)
1.54-1.42 (m, 2H)
1.54-1.42 (m, 2H)
3.10 (dt, 6.0, 5.6, 2H)
7.46 (app. t, 5.6, 1H)

7.39-6.97 (v br s, 2H)'
6.97-6.54 (v br s, 2H)'

@ Data taken from reference 6, Table 1, compound 1. Not all carbon numbering in reference 6,
Table 1, compound 1 matches the data. Correct carbon-peak correlations are presented here.
b Reference 6, Table 1 notes that the chemical shifts of these peaks are interchangeable.

¢ Data recorded using a concentrated sample of 30 mg in 0.75 mL of DMSO-d.

9 Data taken from reference 6, Table 1, compound 1.

¢ Data recorded using a dilute sample of 2 mg in 0.75 mL of DMSO-dj.

f No copies of spectra, only data were published for the natural compound; therefore, the
presence of these peaks in the natural spectrum can be inferred. The chemical shift range in
the synthetic spectrum was estimated based on the boundary between these broad peaks.

clavatadine C-HTFA (3:CF3CO,H)
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Table S2. Comparison of the Spectroscopic Data of Natural' vs. Synthetic Clavatadine D (4). The Numbering Scheme is Shown Below.

Position

10 (N)

11

12

13

14

15

16 (N)

17

18%a (NH,)
18’b (NH,)

Natural 420
DMSO-dg
3C NMR
150 MHz
dc
171.6, qC
121.5,qC
146.4, CH
85.0, qC
42.9, CH,
154.8, qC
158.1,qC

38.5, CH,
28.2, CH,
23.2, CH,
27.9, CH,
40.4, CH,

156.5, qC

Clavatadine D (4)

Synthetic 4°

DMSO-dy
13C NMR
100 MHz
¢
171.6, qC
121.6,qC
146.7, CH
85.1,qC
43.2, CH,
155.0, qC
158.1,qC

38.6, CH,
28.4, CH,
23.4, CH,
28.1, CH,
40.7, CH,

156.7, qC

Natural 49
DMSO-ds
TH NMR
600 MHz
dh, (Jin Hz)

7.79 (s, 2H)

3.55 (s, 2H)

8.59 (t, 1H)
3.16 (dt, 6.0, 6.0, 2H)
1.49 (tt, 6.0, 6.0, 2H)®
1.29 (it, 6.0, 6.0, 2H)

1.48 (tt, 6.0, 6.0, 2H)®
3.08 (dt, 6.0, 6.0, 2H)
7.41 (brt, 6.0, 1H)

not listed
not listed

Synthetic 4
DMSO-d,
H NMR
400 MHz

dn, (Jin Hz)

7.80 (s, 2H)

3.55 (s, 2H)

8.61 (1, 6.0, 1H)

3.16 (dt, 6.0, 5.6, 2H)
1.53-1.43 (m, 2H)
1.33-1.23 (m, 2H)
1.53-1.43 (m, 2H)
3.08 (dt, 6.0, 5.6, 2H)
7.39 (app. t, 5.6, 1H)

7.39-6.97 (v br s, 2H)9
6.97-6.54 (v br s, 2H)9

4 Data taken from reference 6, Table 1, compound 2. Not all carbon numbering in reference 6,
Table 1, compound 1 matches the data. Correct carbon-peak correlations are presented here.
b Reference 6, Table 1 notes that these chemical shifts were determined by 2D NMR

experiments ('3C, 150 MHz).

¢ Data recorded using a concentrated sample of 15 mg in 0.75 mL of DMSO-dj.
9 Data taken from reference 6, Table 1, compound 2.
¢ Reference 6, Table 1 notes that the chemical shifts of these peaks are interchangeable.

f Data recorded using a dilute sample of 2 mg in 0.75 mL of DMSO-d,.

9 No copies of spectra, only data were published for the natural compound; therefore, the
presence of these peaks in the natural spectrum can be inferred. The chemical shift range in
the synthetic spectrum was estimated based on the boundary between these broad peaks.

S-5

0]
Br Br o
CF3CO,
H H 18
9 \11/\15‘y\15/N 17 _NH
10 "0 16\H/ 2
(@) ®NH2
18

clavatadine D*HTFA (4-CF3CO,H)
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Table S3. Comparison of the Spectroscopic Data of Natural! vs. Synthetic Clavatadine E (5). The Numbering Scheme is Shown Below.

Position

ONOO O~ WN =

©

1-OH
N-OH

10 (N)

11

12

13

14

15 (N)
16

177 (NHy)

Natural 520
DMSO-dy
13C NMR
150 MHz
dc
152.2, qC
108.7, qC
132.4, CH
128.8, qC
128.8, CH
115.9, CH
27.5, CH,
152.0, qC
163.0, qC

37.9, CH,
25.8, CH,
25.8, CH,
39.9, CH,

156.5, qC

Clavatadine E (5)

Synthetic 5°¢
DMSO-dg
13C NMR
100 MHz
d¢c
152.4, qC
108.8, qC
132.7, CH
128.8, qC
129.1, CH
116.1, CH
27.7, CH,
152.1, qC
163.2, qC

38.2, CH,
26.3, CH,
26.0, CH,
40.4, CH,

156.7, qC

Natural 59
DMSO-dj
TH NMR
600 MHz
Oy, (Jin Hz)

7.28 (d, 1.8, 1H)

7.01 (dd, 8.4, 1.8, 1H)
6.83 (d, 8.4, 1H)
3.69 (s, 2H)

10.02 (s, 1H)

11.75 (s, 1H)

7.99 (t, 6.0, 1H)

3.15 (dt, 6.0, 6.0, 2H)
1.43 (m, 2H)
1.42 (m, 2H)
3.08 (dt, 6.0, 6.0, 2H)
7.39 (t, 6.0, 1H)

not listed

Synthetic 5°
DMSO-dj
TH NMR
400 MHz

d, (Jin Hz)

7.28 (d, 2.0, 1H)

7.01 (dd, 8.4, 2.0, 1H)
6.83 (d, 8.4, 1H)
3.69 (s, 2H)

10.04 (s, 1H)

11.76 (s, 1H)

8.02 (t, 6.0, 1H)

3.13 (dt, 7.2, 6.0, 2H)
1.43 (m, 4H)
combined with H12
3.08 (dt, 7.2, 5.6, 2H)
7.41 (t, 5.6, 1H)

7.6-6.8 (v br, 4H)f

4 Data taken from reference 6, Table 2, compound 3. Not all carbon numbering in reference 6,
Table 2, compound 3 matches the data. Correct carbon-peak correlations are presented here.
b Reference 6, Table 1 notes that these chemical shifts were determined by 2D NMR

experiments ('3C, 150 MHz).

¢ Data recorded using a concentrated sample of 25 mg in 0.75 mL of DMSO-d.
9 Data taken from reference 6, Table 2, compound 3.

¢ Data recorded using a dilute sample of 2 mg in 0.75 mL of DMSO-dj.

f No copies of spectra, only data were published for the natural compound; therefore, the
presence of these peaks in the natural spectrum can be inferred. The chemical shift in the
synthetic spectrum was estimated because they overlap with other peaks in this range.

CFCO5

H 17
10 12 14 N_16_NH

9 N/11\/13\/15 2
H oNH,
17

clavatadine EcHTFA (5°CF3;CO,H)
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Table S4. NCI-60 one-dose assay for synthetic clavatadine C (3)

oS- o0oL- oG- 0 (02 (0 0]8 (0211
— 60'8¥ abuey
— 7961 ejea
86'901 EEET
¥8°0LL 89%-aN-VAW
Zy'L0L alv-1
L¥LOL 675-19
8eCLlL 18/G SH
88'601 001V/LE2-aN-YaW
29'L6 L40N
lague) isealg
9z'801 Svl-na
¥5°00L €-0d
lagdue) alejsold
91°96 Le-0N
89°LLL 0L-ML
19201 OZINS
81°66 L-IMVO
29°€LL NHOV
602zl 867V
2T L0L 0-98L
ladue) |eusay
eeLLL £-AOMS
LL'SOL S34-"4av/ION
9l'yLL 8-4VOAO
90'GLL G-4YOAO
G8'¥0L 7-4YOAO
G6°201 €-4VOAO
raadnt LAOYDI
lague) uelenQ
LE'00L 29-00vN
L¥'S0L £52-00VN
€2'101 G-TIN-NS
G601 82-13N-XS
88°CLL Z-1AN-MS
LSTLL SEP-aN-VAW
19'66 vLN
ZLeLlL NE-TNTVYIN
99'101 IAWI XO1
ewouee\
29201 Lszn
81'L0L G/-ANS
s €0'201 61-aNS
. 9z'201 6£5-4S
G8'L0k G62-4S
— 8L'¥6 89¢-4S
Jadued SNO
8£°901 029-MS
71'80L ZLAM
vrLLL 62.LH
L0°S0} G1-10H
91'86 9LL-1OH
SLYLL 8662-00H
8L'8LL S0z 0700
lajue) uo|j0D
vE'L8 ZZSH-ION
a8yl 09¥H-ION
Z1'eol NZZEH-ION
8% L0k €ZH-ION
6LLLL 9ZZH-ION
e'Sel 26-dOH
64801 29-dOH
¥S¥0L XAM3
G560 D0 LV/6YSY
lagued m_.:j 118D [lewS-uUoN
29201 ds
ZSLLL 9228-INdY
L2°e0l ¥-LTOW
9L'v6 295-M
L6°66 (81)09-1H
v£'96 N3D-4400
elwua)naT
SO YMO.D) - LSO YUMo USaN S0 YyMmob aun |[ro/Pued
z20z ‘9z e BEQ Moded 78S0¢£0zz QI Mauuechg ycde.pH usgn ssgawD
20z L0 eN SEQISAL | JeloN 6-300'L DU | 1/6£6568-0 TEN | wuraibol sonnedesy| piuawudopna]




Supporting Information: Maxfield, Payne, and Chamberland

Table S5. NCI-60 one-dose assay for synthetic clavatadine D (4)
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Table S6. NCI-60 one-dose assay for synthetic clavatadine E (5)
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Figure S1. '"H NMR (400 MHz, CD;0D) spectrum of the known compound 26.
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Figure S2. 13C DEPTQ-135 NMR (100 MHz, CD;0D) spectrum of the known compound 26.
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Figure S3. 13C DEPTQ-135 NMR (100 MHz, acetone-ds) spectrum of the known compound 29.
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Figure S4. 13C NMR (100 MHz, DMSO-dj) spectrum of the known compound 23.
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Figure S5. 'TH NMR (400 MHz, DMSO-d) spectrum of the new compound 31.
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Figure S6. 3C DEPTQ-135 NMR (100 MHz, DMSO-dy) spectrum of the new compound 31.
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'H-'H COSY NMR (DMSO-ds with 0.03% v/v TMS, 400 MHz)
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Figure S7. 'TH-'HCOSY NMR (400 MHz, DMSO-d;) spectrum of the new compound 31.
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TH-13C Multiplicity-edited HSQC NMR (DMSO-dg with 0.03% v/v TMS, 400 MHz)
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|
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Figure S8. 'H-'3C Multiplicity Edited HSQC NMR (400 MHz, DMSO-d;) spectrum of the new compound 31.
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'H-13C HMBC NMR (DMSO-ds with 0.03% v/v TMS, 400 MHz)
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Figure S9. 'H-3C HMBC NMR (400 MHz, DMSO-ds) spectrum of the new compound 31.
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Figure S10. 'TH NMR (400 MHz, DMSO-ds) spectrum of dilute, unpurified, synthetic clavatadine E (5).
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Figure S11. 'TH NMR (400 MHz, DMSO-ds) spectrum of concentrated, unpurified, synthetic clavatadine E (5).
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Figure S12. 3C DEPTQ-135 NMR (100 MHz, DMSO-d¢) spectrum of unpurified, synthetic clavatadine E (5).
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'H-'H COSY NMR (DMSO-ds with 0.03% v/v TMS, 400 MHz)
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Figure S13. 'H-'H COSY NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine E (5).
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'H-13C Multiplicity-edited HSQC NMR (DMSO-dg with 0.03% v/v TMS, 400 MHz)
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F1 - Processing parameters
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Figure S14. 'H-13C Multiplicity Edited HSQC NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine E (5).
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Supporting Information: Maxfield, Payne, and Chamberland

'H-3C HMBC NMR (DMSO-dg with 0.03% v/v TMS, 400 MHz)
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Figure S15. 'H-3C HMBC NMR (400 MHz, DMSO-ds) spectrum of unpurified, synthetic clavatadine E (5).
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Current Data Parameters
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EXPNO 5
PROCNO 1

F2 - Acquisition Parameters

Date_ 20211020
Time 17.17 h
INSTRUM spect
PROBHD 2116098_0505 (
PULPROG hmbcetgpl3nd

D 4096
SOLVENT DMSO

NS 4

DS 16

SWH 4795.396 Hz
FIDRES 2.341502 Hz
AQ 0.4270763 sec
RG 199.23

DW 104.267 usec
DE 6.50 usec
TE

CNST6 120.0000000
CNST7 170.0000000
CNST13 8.0000000

Do 0.00000300 sec
Dl 2.00000000 sec
D6 0.06250000 sec
D16 0.00020000 sec
INO 0.00003310 sec
TDav 1
SFO1 400.1328033 MHz
NUCL 1H

Pl 10.00 usec
P2 20.00 usec
PLWL 17.76499939 W
SFO2 100.6223756 MHz
NUC2 13c

P3 10.00 usec
P24 2000.00 usec
PLW2 71.66100311 W
SPNAM[7] Crp60comp. 4
SPOAL7 0.500
SPOFFS7 0 Hz
SPW7 10.94900036 W
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GPz1 80.00 %
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P16 1000.00 usec

Fl - Acquisition parameters
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SFO1 100.6224 MHz
FIDRES 118.013596 Hz
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FnMODE Echo-Antiecho

F2 - Processing parameters

ST 4096
SF 400.1300032 MHz
WoW QSINE
SSB 4
LB 0 Hz
GB 0
PC 1.40

F1 - Processing parameters

SI 1024
MC2 echo-antiecho
SF 100.6128174 MHz
WDW QSINE
SSB 2
LB 0 Hz
GB 0



Supporting Information: Maxfield, Payne, and Chamberland

13C DEPTQ-135 NMR (CD;0D with 0.03% v/v TMS, 100 MHz)

~ [@2N©) O~ — Current Data Parameters
. LI LI . o O o N NAME SC-II-60p
< ~ ™M — QO O . . o . EXPNO 2
O Lo w0 [SATNQN] — o () O O PROCNO 1
— — — — [e¢] < oM N
F2 - Acquisition Parameters
‘ \ [ \ / ‘ ‘ \ / Date_ 20211110
Time 17.14 h
INSTRUM spect
PROBHD 72116098_0505 (
OH PULPROG deptggpsp
TD 65536
SOLVENT MeOD
NS 256
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
O AQ 1.3631488 sec
RG 199.23
DW 20.800 usec
O DE 6.50 usec
I TE 452.8 K
CNST2 145.0000000
HO’ D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
33 D16 0.00020000 sec
TDO 1
SFO1 100.6228298 MHz
NUC1 13C
Pl 10.00 usec
| | | | P13 2000.00 usec
A R o O o A oo P S PN M AN 1710 0w
[ ] PLI1 71.66100311 W
SPNAM([5] Crp60comp. 4
SPOALS 0.500
SPOFFS5 0 Hz
SPW5 10.94900036 W
SFO2 400.1316005 MHz
NUC2 1H
CNST12 1.5000000
CPDPRG[2 waltz65
PO 15.00 usec
P3 10.00 usec
P4 20.00 usec
PCPD2 90.00 usec
PLW2 17.76499939 W
PLW12 0.21932000 W
GPNAM[1] SMSQ10.100
GPZ1 31.00 %
GPNAM[2] SMSQ10.100
GPZ2 31.00 %
GPNAM[3] SMSQ10.100
GPZ3 31.00 %
P16 1000.00 usec
F2 - Processing parameters
CD;0OD ST 32768
SF 100.6126282 MHz
WDW EM
SB 0
LB 1.00 Hz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppms: 0
PC 1.40

Figure S16. 3C DEPTQ-135 NMR (100 MHz, CD;0D) spectrum of the known compound 33.

§-25



Supporting Information: Maxfield, Payne, and Chamberland
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Figure S17. 3C DEPTQ-135 NMR (100 MHz, CDCl3) spectrum of the known compound 35.
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EXPNO 2
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Supporting Information: Maxfield, Payne, and Chamberland

~ (@]
£ 2 2 g Current Data Parameters
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TDO 1
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NUC1 1H
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F2 - Processing parameters
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|
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v 4 :

Figure S18. 'H NMR (400 MHz, DMSO-dg) spectrum of the known compound 21.
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Supporting Information: Maxfield, Payne, and Chamberland
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Figure S19. 3C DEPTQ-135 NMR (100 MHz, DMSO-d) spectrum of the known compound 21.
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F2 - Acquisition Parameters
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AQ 1.3631488 sec
RG 199.23
DW 20.800 usec
DE 6.50 usec
TE 0 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
D16 0.00020000 sec
TDO 1
SFO1 100.6228298 MHz
NUC1 13C
Pl 10.00 usec
P13 2000.00 usec
PLWO 0w
PLW1 71.66100311 W
SPNAM[5] Crpé60comp. 4
POALS 0.500
SPOFFS5 0 Hz
SPW5 10.94900036 W
SFO2 400.1316005 MHz
NUC2 1H
CNST12 1.5000000
CPDPRG[2 waltz65
PO 15.00 usec
P3 10.00 usec
P4 20.00 usec
PCPD2 90.00 usec
PLW2 17.76499939 W
PLW12 0.21932000 W
GPNAM[1] SMSQ10.100
GPZ1 31.00 %
GPNAM[2] SMSQ10.100
GPZ2 31.00 &
GPNAM[3] SMSQ10.100
GPZ3 31.00 %
P16 1000.00 usec
F2 - Processing parameters
ST 32768
SF 100.6128199 MHz
WDW EM
SSB 0
1.00 Hz
0
1.40



Supporting Information: Maxfield, Payne, and Chamberland
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TE 298.0 K
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TDO 1
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NUC1 1H
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PLW1 17.76499939 W
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Figure S20. 'TH NMR (400 MHz, CDCls) spectrum of the known compound 36.
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Supporting Information: Maxfield, Payne, and Chamberland
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. LA B B . . O < IO N 0N o< <t N~ NAME SC-II-55p
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~ O 1w LWL < N PN O ™M O ™~ ~ O ™M O Oy O 0 W WO PROCNO 1
— — — R N O 0O [~ ™~ . . TN AN NN
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AN B VAVERE E IRV
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. PULPROG deptggpsp
13C DEPTQ-135 NMR (CDCl; with 0.03% v/v TMS, 100 MHz) ™ azese
SOLVENT CDC13
NS 15360
DS 8
SWH 17045.455 Hz
FIDRES 0.520186 Hz
AQ 1.9223894 sec
RG 199.23
DW 29.333 usec
DE 6.50 usec
TE 298.2 K
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D2 0.00344828 sec
D12 0.00002000 sec
D16 0.00020000 sec
TDO 1
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NUC1 13C
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P13 2000.00 usec
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SPNAM[5] Crp60comp. 4
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| | J L A SPOFFS5 0 Hz
T “ f T PW5 10.94900036 W
SFO2 400.1316005 MHz
‘ \ T NUC2 1H
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CPDPRG[2 waltz65
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P3 10.00 usec
P4 20.00 usec
PCPD2 90.00 usec
PLW2 17.76499939 W
PLWI12 0.21932000 W
GPNAM[1] SMSQ10.100
GPZ1 31.00 %
GPNAM([2] SMSQ10.100
GPZ2 31.00 %
GPNAM[3] SMSQ10.100
GPZ3 31.00 %
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WDW EM
SSB 0
LB 1.00 Hz
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Figure S21. 3C DEPTQ-135 NMR (100 MHz, CDCls) spectrum of the known compound 36.
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Supporting Information: Maxfield, Payne, and Chamberland
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H 2 DE 21.90 usec
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NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 17.76499939 W
F2 - Processing parameters
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Figure S22. 'TH NMR (400 MHz, DMSO-ds) spectrum of dilute, unpurified, synthetic clavatadine C (3).
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Supporting Information: Maxfield, Payne, and Chamberland
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DS 2
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N DW 96.133 usec
\/\/\N NH DE 16.61 usec
H 2 TE 298.7 K
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TDO 1
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NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 17.76499939 W
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Figure S23. 'TH NMR (400 MHz, DMSO-dg) spectrum of concentrated, unpurified, synthetic clavatadine C (3).
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Supporting Information: Maxfield, Payne, and Chamberland

O OoOOWMANO™~ O~ O Current Data Parameters
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\ ‘\j//// ‘ \\// v Date_ 20211028
Time 10.03 h
. INSTRUM spect
3C DEPTQ-135 NMR (DMSO-d6 with 0.03% v/v TMS, 100 MHZ) PROBHD  2116098_0505 (
PULPROG deptggpsp
TD 65536
SOLVENT DMSO
NS 15360
DS 8
)NL'_' SWH 17045.455 Hz
FIDRES 0.520186 Hz
WH NH, 20 1.9223894 sec
RG 199.23
3:CF;CO,H DW 29.333 usec
DE 6.50 usec
TE 296.9 K
CNST2 145.0000000
D1 2.00000000 sec
I D2 0.00344828 sec
| i1 [ L] L D12 0.00002000 sec
T S ]‘ T [ "[' T T D16 0.00020000 sec
TDO 1
SFO1 100.6223267 MHz
NUC1 13C
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o [Ve) MmN O P13 2000.00 usec
. . . . . PLWO 0w
(o)) oo o oo I~ PLW1 71.66100311 W
_ Te) Te) TolTe) e} o N SPNAM[5] Crp60comp. 4
CF3C02 — — o . SPOAL5 0.500
Ne] O SPOFFS5 0 Hz
N N SPW5 10.94900036 W
SFO02 400.1316005 MHz
‘ ‘ NUC2 1H
CNST12 1.5000000
CPDPRG[2 waltz65
PO 15.00 usec
P3 10.00 usec
P4 20.00 usec
PCPD2 90.00 usec
PLW2 17.76499939 W
PLW12 0.21932000 W
GPNAM[1] SMSQ10.100
GPz1 31.00 %
GPNAM[2] SMSQ10.100
GPZ2 31.00 %
GPNAM[3] SMSQ10.100
DMSO GPZ3 31.00 %
‘ ‘ Ple 1000.00 usec
F2 - Processing parameters
| | 26.0 ppm sT 32768
159 158 rPrm SF 100.6128194 MHz
WDW EM
SB 0
LB 1.00 Hz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm:: 0
PC 1.40

Figure S24. 13C DEPTQ-135 NMR (100 MHz, DMSO-d¢) spectrum of unpurified, synthetic clavatadine C (3).
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Supporting Information: Maxfield, Payne, and Chamberland

'H-'H COSY NMR (DMSO-ds with 0.03% v/v TMS, 400 MHz)

NH

H )J\ Current Data Parameters
N\/\/\N NH NAME SC-II-56ClavatadineC

2 EXPNO 3

PROCNO 1

H
3:CF3COH |\ ppm

F2 - Acquisition Parameters

F2 - Processing parameters
SI 1024

7 SF 400.1300025 MHz
WDW QSINE
SSB 2
LB 0 Hz
GB 0
PC 1.40

Fl - Processing parameters

F Date_ 20211027
o Time 16.36 h
L INSTRUM spect
r PROBHD 7Z116098_0505 (
F PULPROG cosygpmfphpp
r 0 TD 2048
L SOLVENT DMSO
F NS 4
F DS 16
o SWH 4006.410 Hz
[ FIDRES 3.912510 Hz
o1 aQ 0.2555904 sec
F RG 199.23
F DW 124.800 usec
o 14 o DE 6.50 usec
F TE 297.1 K
F DO 0.00011207 sec
- 2 D1 2.00000000 sec
o D11 0.03000000 sec
“ r D12 0.00002000 sec
: F D16 0.00020000 sec
o INO 0.00024960 sec
r 3 TDav 1
& g " ! o SFO1 400.1316005 MHz
F NUC1 1H
o P1 10.00 usec
r P2 20.00 usec
r P17 2500.00 usec
— 4 PLW1 17.76499939 W
o PLW10 1.97389996 W
# n GPNAM[1] SMSQ10.100
F GPz1 10.00 %
F GPNAM[2] SMSQ10.100
o GPZ2 20.00 %
) P16 1000.00 usec
F F1 - Acquisition parameters
F TD
n SFO1 400.1316 MHz
o 6 FIDRES 31.300079 Hz
- SW 10.013 ppm
o FnMODE States-TPPI
& L} F
F SI 1024
N L MC2 States—-TPPI
® & 3 SF 400.1300025 MHz
F WDW QSINE
......... e g B
9 LB 0 Hz

8 7 6 5 4 3 2 1 0 ppm s 0
Figure S25. 'TH-'H COSY NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine C (3).
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Supporting Information: Maxfield, Payne, and Chamberland

'H-13C Multiplicity-edited HSQC NMR (DMSO-ds with 0.03% v/v TMS, 400 MHz)
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SPOFFS18 0
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A
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=z
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256
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169.593 ppm
Echo-2ntiecho

SI 102
T T T T T T T T T T T T T T T L

85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 ppm
Figure S26. 'H-13C Multiplicity Edited HSQC NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine C (3).
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Supporting Information: Maxfield, Payne, and Chamberland

'H-3C HMBC NMR (DMSO-dg with 0.03% v/v TMS, 400 MHz)
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'H-BC HMBC NMR (400 MHz, DMSO-dg) spectrum of unpurified, synthetic clavatadine C (3).
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F2 - Acquisition Parameters
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PULPROG hmbcetgpl3nd
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SOLVENT DMSO

NS 4

DS 16
SWH 3201.024 Hz
FIDRES 1.563000 Hz
AQ 0.6397952 sec
RG 199.23

DW 156.200 usec
DE 6.50 usec
TE 297.7 K
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GPz3 14.00 %
GPNAM[4]
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GPz4 -8 %
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GPZ5 -4.00 %
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GPZ6 -2.00 %
P16 1000.00 usec

F1 - Acquisition parameters
TD

SFO1 100.6223 MHz
FIDRES 133.319107 Hz
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FnMODE Echo-Antiecho

F2 - Processing parameters

ST 4096

SF 400.1300032 MHz
WDW QSINE
SSB 4

LB 0 Hz
GB 0

PC 1.40

Fl - Processing parameters

ST 1024
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Supporting Information: Maxfield, Payne, and Chamberland
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Figure S28. 'TH NMR (400 MHz, CDCls) spectrum of the new compound 37.
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Figure S29. 13C DEPTQ-135 NMR (100 MHz, CDCl;) spectrum of the new compound 37.
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IH-'H COSY NMR (CDCl; with 0.03% v/v TMS, 400 MHz)
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Figure S30. 'H-'H COSY NMR (400 MHz, CDCl;) spectrum of the new compound 37.
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IH-13C Multiplicity-edited HSQC NMR (CDCl; with 0.03% v/v TMS, 400 MHz)
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Figure S31. 'H-3C Multiplicity Edited HSQC NMR (400 MHz, CDCl;) spectrum of the new compound 37.
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IH-13C HMBC NMR (CDCl; with 0.03% v/v TMS, 400 MHz)
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Figure S32. 'H-13C HMBC NMR (400 MHz, CDCls) spectrum of the new compound 37.
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Figure S33. 'TH NMR (400 MHz, DMSO-dg) spectrum of dilute, unpurified, synthetic clavatadine D (4).
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Figure S34. 'TH NMR (400 MHz, DMSO-dg) spectrum of concentrated, unpurified, synthetic clavatadine D (4).
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Figure S35. 13C DEPTQ-135 NMR (100 MHz, DMSO-d¢) spectrum of unpurified, synthetic clavatadine D (4).
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'H-'H COSY NMR (DMSO-ds with 0.03% v/v TMS, 400 MHz)
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Figure S36. 'H-'H COSY NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine D (4).
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'H-13C Multiplicity-edited HSQC NMR (DMSO-dg with 0.03% v/v TMS, 400 MHz)
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Figure S37. 'H-3C Multiplicity Edited HSQC NMR (400 MHz, DMSO-d;) spectrum of unpurified, synthetic clavatadine D (4).
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'H-13C HMBC NMR (DMSO-d; with 0.03% v/v TMS, 400 MHz)
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Figure S38. 'H-*C HMBC NMR (400 MHz, DMSO-ds) spectrum of unpurified, synthetic clavatadine D (4).
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Experimental details and spectra for NMR experiments on N,N-DiBoc Clavatadine C (36) using treated and untreated CDCl,

A series of NMR experiments were performed to attempt to rationalize the discrepancy in the chemical shift of three methylene
peaks found in the & 3.3-3.6 region of the proton NMR spectrum of N,N-diBoc clavatadine C (36) prepared in this work and as
described in the 2016 Tetrahedron Letters article by Hawkins and co-workers (Badart, M. P.; Squires, C. M. L.; Baird, S. K.;
Hawkins, B. C. The Synthesis of Clavatadine C. Tetrahedron Lett. 2016, 57 (46), 5108-5111). In each of eight separate NMR tubes, a
solution was prepared using the following amounts of compound 36 dissolved in 0.6 mL of CDCls: 0.8 mg, 1.6 mg, 3.1 mg, 6.2 mg,
12.50 mg, 25.00 mg, 50.00 mg, and 100.00 mg. Attempted dissolution of 200 mg of compound 36 in 0.6 mL of CDCI; yielded a
partially dissolved suspension that was not suitable for NMR analysis. The amber glass bottle that contained 100 mL of CDCl;
(99.8%D, 0.03% TMS) was purchased from ThermoFisher Scientific (Item number AC20956-1000). For each NMR sample, the
volume of CDCl; was measured and dispensed using a 1 mL plastic syringe equipped with a disposable 20-gauge needle. Compound
36 had been purified using column chromatography prior to NMR analysis and was determined to be free of perceptible impurities.

For these experiments, samples of compound 36 were prepared using a bottle of CDCl; that had been “treated,” and also from a
separate bottle that was used as received. The first set of experiments were performed using a bottle of CDCl; that had been treated
upon receipt by adding enough activated 3-Angstrom molecular sieves to build a cylinder of sieves that was roughly 0.5 cm in height.
The purpose of the sieves was to remove water that may have been present when the solvent was received and also water that builds
up over time as the sample is periodically exposed to air. To the sieves-treated bottle was then added a small scoop of solid potassium
carbonate, which was designed to remove any HCI or DCI that may form if the chloroform degrades upon exposure to ambient light.
Both the treated and untreated bottles were stored on the laboratory bench and were capped securely but were not sealed further, such
as with Parafilm. "H NMR spectra (ambient temperature, 16 scans, 2 dummy scans, standard processing) were collected on the same
day the samples were prepared (time-zero = “T0”) and approximately 24 hours later (TO + one day = “T1”). The purpose of the time
delay between data collections was to probe whether compound 36 underwent degradation in a solution of CDCl; that was left